Redox signalling is an important modulator of diverse biological pathways and processes, and 22 operates through specific post-translational modification of redox-sensitive thiols on cysteine 23 residues 1-4 . Critically, redox signalling is distinct from irreversible oxidative damage and 24 functions as a reversible 'redox switch' to regulate target proteins. H2O2 acts as the major 25 effector of redox signalling, both directly and through intracellular thiol redox relays 5,6 . 26 Dysregulation of redox homeostasis has long been implicated in the pathophysiology of many 27 age-related diseases, as well as in the ageing process itself, however the underlying 28 mechanisms remain largely unclear 7,8 . To study redox signalling by H2O2 in vivo and explore 29 its involvement in metabolic health and longevity, we used the fruit fly Drosophila as a model 30 organism, with its tractable lifespan and strong evolutionary conservation with mammals 9 . 31 Here we report that inducing an endogenous redox-shift, by manipulating levels of the H2O2-32 degrading enzyme catalase, improves health and robustly extends lifespan in flies, 33 independently of oxidative stress resistance and dietary restriction. We find that the catalase 34 redox-shifted flies are acutely sensitive to starvation stress, which relies on autophagy as a 35 vital survival mechanism. Importantly, we show that autophagy is essential for the lifespan 36 extension of the catalase flies. Furthermore, using redox-inactive knock-in mutants of Atg4a, 37 a major effector of autophagy, we show that the lifespan extension in response to catalase 38 requires a key redox-regulatory cysteine residue, Cys102 in Atg4a. These findings 39 demonstrate that redox regulation of autophagy can extend lifespan, confirming the 40 importance of redox signalling in ageing and as a potential pro-longevity target.
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GAL4>UAS-cat, Atg4a-C102S). Therefore, this redox-regulatory cysteine in Atg4 is required for 162 autophagy induction by redox signalling in vivo, as previously reported in vitro 26 . 163 To interrogate the role of Atg4a Cys102 in mediating the longevity of the catalase flies, we 164 performed survival assays with the Atg4a-WT CRISPR control line, and reproduced the catalase 165 lifespan extension in this background (Fig. 4c) . The Atg4a-C102S point mutation did not affect 166 survival of control flies, confirming that this knock-in alone is not deleterious (Fig. 4d ). Critically, 167 in contrast to the Atg4a-WT control, the lifespan extension upon catalase up-regulation was fully 168 abolished in the Atg4a-C102S mutant background (Fig. 4d) . Therefore, redox-regulation of 169 autophagy via Atg4a-Cys102 mediates the longevity upon catalase over-expression. Enhancing 170 autophagy is an evolutionarily conserved intervention associated with health and survival benefits, 171 and here we demonstrate that selective redox-mediated up-regulation of autophagy can extend 172 lifespan. 173 Many attempts have been made to extend lifespan in model organisms by enhancing their 174 antioxidant capacity, notably through the over-expression of antioxidant enzymes, including 175 catalase [29] [30] [31] [32] . These trials have been largely unsuccessful, casting doubt on the causative role of 176 ROS and oxidative damage in ageing 33 . Therefore, our finding that catalase over-expression 177 extends lifespan was at first surprising. The original study over-expressing catalase in Drosophila 178 found no effect on lifespan and only modest resistance to oxidative stress by H2O2 29 . However, the 179 study used an extra chromosomal copy under its endogenous promoter, resulting in far lower over-180 expression of catalase (~1.75-fold at the mRNA level and ~1.5-fold increased enzyme activity). 181 The degree of catalase over-expression is therefore likely to be important for the lifespan extension. 182 Furthermore, the earlier study used only males, while our findings show a robust effect specifically 183 in females. The results of the two studies are therefore not discordant with one another. 184 Our redox proteomic analysis has revealed that the catalase flies undergo a thiol oxidising 185 shift in bulk cysteine redox state. Interestingly, this pattern is similar to our earlier observations in 186 WT flies under starvation stress 27 . Nutrient deprivation can directly affect redox homeostasis by 187 depleting the provision of important reducing equivalents, such as NADPH and glutathione, 188 mediating an intracellular oxidising shift 34 . Therefore, we suggest that the catalase flies undergo a 189 thiol oxidising shift that is perceived as an internal state of starvation, which triggers the induction 190 of autophagy as a protective response ( Fig. 4e ). Autophagy plays a fundamental role in healthy 191 physiology, such as cellular differentiation, tissue remodelling, and mitochondrial homeostasis, as 192 well as in the response to stress and the clearance of cellular damage 22 . Consequently, enhanced 193 autophagy is a common denominator of many evolutionary conserved interventions that extend 194 lifespan 21,22 , both genetically, such as down-regulation of insulin signalling 35 , and 195 pharmacologically, for instance rapamycin treatment 36 . Furthermore, direct up-regulation of 7 autophagy has been shown to exert health benefits and extend lifespan in a range of model 197 organisms including worms, flies and mice [37] [38] [39] . Several components of the autophagy pathway are 198 known to be redox regulated, including Atg3 and Atg7 40 , as well as the focus of our study Atg4 26 . 199 Overall, we have shown that shifting the in vivo redox state of Drosophila through over-expression Atg8 (a generous gift from K. Köhler 45 ; 1:1,000), anti-catalase (Sigma C0979; 1:10,000), anti-GFP 274 (Cell Signaling #2955; 1:1,000). Blots were developed using standard ECL, followed by analysis 275 with FIJI (ImageJ) software. Table S1 for full n numbers and p values). n/s, p>0.05; *, p<0.05; 469 ***, p<0.001. Rank test (see Table S1 for full n numbers and p values). n/s, p>0.05; ***, p<0.001. e, Scheme 499 illustrating the mechanism underlying the lifespan extension upon redox regulation of autophagy. 
